The parasitic protozoan Leishmania (Leishmania) 
cyclic promastigotes then undergo apoptotic cell death by exposing phosphatidylserine (PS), thus participating in an altruistic inactivation of the macrophage host cells (Wanderley et al. 2009 ). Other promastigotes are phagocytised by the immune defence cells and initiate infection in the mammalian host.
The meta 1 gene was initially identified in Leishmania (Leishmania) major by differential complementary DNA library screening (Coulson & Smith 1990) and was described to be expressed at a low steady-state level in procyclic promastigotes and amastigotes, compared to the high expression levels in metacyclic promastigotes (Nourbakhsh et al. 1996 ). Similar results were described for the meta 1 homologues in L. (L.) amazonensis and Leishmania (Leishmania) donovani (Uliana et al. 1999 ). Attempts at generating null mutants of this gene were unsuccessful, suggesting that it is an essential gene for parasite survival (Uliana et al. 1999) . When over-expressed, the meta 1 protein induces an increase in the parasite virulence, both in the promastigotes and amastigotes (Uliana et al. 1999) .
The use of reverse genetics allows for the generation of parasite mutants for studying the physiological roles of genes involved in infection (Beverley 2003) . However, the characterization of the mutants, primarily with respect to their infectivity, sometimes fails because of the difficulties in properly comparing them to wild-type parasites. The purpose of this report was to study a genetic marker for which expression could be directly related to the infective-form percentage in a promastigote culture, which would allow us to compare the infectivity of different cultures or cultures at different stages by normalising the data to the number of infective cells.
We evaluated the in vitro infectivity of L. (L.) amazonensis along the culture growth curve related to the expression of meta 1 marker. We used peritoneal macrophages from BALB/c mice, handled in accordance to the Institute of Biomedical Sciences, University of São Paulo, Animal Ethical Committee, for in vitro infections. To avoid variations in the experiments caused by infecting different macrophage preparations on different days of the growth curve using parasites from a single culture, we prepared a batch of promastigotes at different stages of culture to infect the same macrophage preparation at the same time.
Promastigotes at different stages of culture were obtained by starting a new culture every 24 h at a concentration of 5 x 10 5 cells/mL, using seed cells from the culture started the day before. The pattern of the curve obtained was similar to the one obtained using the conventional approach, in which the cell number of a single culture was determined every day (data not shown). Prior to starting the experiments, the cells were maintained at log phase by daily sub culturing for seven days to avoid variations in cell growth. Parasites recently recovered from mice were used in all experiments.
Total RNA, prepared by TRIzol ® extraction from cells at each culture stage, was used as the template in quantitative real-time reverse-transcription polymerase chain reaction (PCR). The mRNA copy-number of meta 1, arginase and gapdh in each sample was determined by comparing the obtained cycle threshold with that obtained for a standard curve constructed using known amounts of the cloned PCR product of each target. The number of copies of the arginase and gapdh transcripts did not vary considerably along the growth curve. A melting curve was run for each PCR product to confirm the specificity of the reactions. The meta 1 mRNA level of each culture stage was normalised to the mRNA level of the housekeeping gene gapdh at the same stage by dividing the number of copies of meta 1 by gapdh (Fig. 1) .
To ascertain the significance of the observed variations, the data were evaluated using analysis of variance. As expected, meta 1 was expressed at a low level in the early log phase, in agreement with the data from Uliana et al. (1999) . Notably, the expression level of meta 1 increased during the log phase, reaching the highest value at the end of this phase and at the beginning of the stationary phase (Fig. 1) , when the culture was not expected to contain a large number of metacyclic cells (Sacks & Perkins 1984) . During the stationary phase, meta 1 expression decreased to a level between those found in the early and late log phases of the analyzed period.
Similar results were obtained when meta 1 expression was normalized to arginase expression (data not shown), which is another gene thought to be stably expressed across the different stages of differentiation (da Silva et al. 2002) , in agreement with the pattern obtained from normalization to gapdh.
To investigate whether meta 1 expression correlates with the metacyclic percentage in the cultures, we determined the percentage of each cell subgroup by annexin-V and propidium iodide (PI) labelling, followed by flow cytometry (Fig. 2) . The necrotic cells were detected by their PI fluorescence ( Fig. 2A) . The remaining cells were subdivided as follows: the annexin-V-positive cells were identified as the PS-exposing cells and the metacyclic cells were distinguished from the procyclic cells by their smaller size in the light forward scattering, as previously described (Wanderley et al. 2009 ). For the gate definitions, we took the cells in log phase with an almost exclusively procyclic population to define the cut-off point between metacyclic and procyclic cells (Fig. 2B) . By defining the cut-off point on the boundary of the procyclic population, we are probably underestimating the total number of metacyclics in the culture, as there is a small overlap between the populations. However, this method ensured that we did not count procyclics as metacyclic cells and enabled us to quantify each subpopulation (Fig. 2C) .
The proportion of procyclic, metacyclic, apoptotic and necrotic cell subgroups present at each stage of the culture growth curve can be seen in Table. The number of non-apoptotic metacyclic cells present in the cultures increased as the culture entered the stationary phase and remained constant at that stage. In addition, the number of necrotic and apoptotic cells increased during the late stationary phase (Table) . The metacyclic percentage, determined at the late stationary phase when the cells were the most infective, was comparable to that in the insect host under natural conditions (Rogers et al. 2009 ). No direct correlation was observed between meta 1 expression and the metacyclic percentage in the cultures. The late log-phase peak of meta 1 expression overlapped with the time point at which the metacyclic percentage started to increase in the cultures. During the late stationary phase, the number of living metacyclic cells remained constant. Meta 1 expression also remained constant at a level lower than that observed in the late-log and early stationary phases. These data suggest that meta 1 expression is more important for the initiation of the differentiation process than for the maintenance of the metacyclic stage.
Next, we investigated whether meta 1 expression correlates with the ability of the parasites to infect macrophages in vitro. We infected murine peritoneal macrophages with L. (L.) amazonensis at different growth stages. The infectivity remained low during the log and early stationary phases and increased significantly during the stationary phase (Table) .
Because the peak of meta 1 expression appeared at the late-log and early stationary phases, the obtained results revealed no direct correlation between meta 1 expression and cell infectivity, suggesting that meta 1 is expressed at a higher level when the cells are gaining infectivity, compared to when they are already infective. In contrast, infectivity correlated with the increase of apoptotic cells present in the culture (Pearson r = 0.8433; 95% confidence interval 0.4555-0.9621; p < 0.0025), supporting the importance of altruistic apoptotic cells for macrophage inactivation (van Zandbergen et al. 2006 , Wanderley et al. 2006 .
Previously, it has been shown that the stage-independent over-expression of the meta 1 gene enhances the infectivity of both promastigotes and amastigotes (Uliana et al. 1999) . Notably, we detected no correlation between meta 1 expression and cell infectivity or the number of metacyclic cells present in culture. However, meta 1 did overlap with the phase in which the metacyclic percentage in culture started to increase. This result suggests that meta 1 might be involved in cell differentiation from the procyclic form into the metacyclic form, preparing the cells for the infective form in the insect host, and that it could be an indicator of the differentiation rate in the culture.
In this study, we showed that the expression profile of the meta 1 gene was more complex than expected from the existing data, which evaluated only the mid-log and stationary phases. This finding would not be obtained by analysing only two points of the growth curve and many interesting results would be missed using that approach. The gene expression analysis at each day of the culture growth curve revealed an orchestrated pattern of the meta 1 expression peak followed by a surge in the metacyclic percentage in culture, leading to an increase in cell infectivity. This observation suggests that meta 1 may be an attractive target for further studies regarding its role in metacyclogenesis. Meta 1 is highly conserved among the subgenus Leishmania (Leishmania) and Leishmania (Viannia) (Berberich et al. 1998 ) and this degree of conservation could indicate a critical role in the parasite life cycle.
Further studies are required to identify an easily detected genetic marker for indicating culture infectivity. However, the determination of apoptotic metacyclic percentage by flow cytometry analysis can be used in comparative studies of mutant phenotypes regarding their infectivity in mammalian cells. 
